Introduction
Part of the experimental work in our laboratory is aimed at the determination of the thermodynamic properties of binary and ternary alloys. For this purpose several devices for measurements of the enthalpies and free energies of mixing in a large temperature range are available.
It is the purpose of this paper to give a short description of the Potentiometrie method and to Reprint requests to Monsieur J. P. Bros, Thermodynamique des Systemes Metalliques, Univ. de Provence, Place V. Hugo," 13331 Marseille Cedex 3, France.
present for the Al-Ge-Sn system the partial free energy of aluminium and the liquidus surface of the ternary phase diagram. The equilibrium phase diagrams of the limiting binary systems Al-Ge, Al-Sn and Ge-Sn, shown in Fig. 1 , have eutectic points, the generally adopted coordinates of which being for Al-Ge:
= 0.303, T Eut -697 K, [1] for Al-Sn: ^ = 0.978, T Eut = 501.3 K, [1] for Ge-Sn:
af" 4 = 3.10-3, T Eut = 505 K.
[1]
The eutectic compositions of Al-Sn and Ge-Sn are near Sn, the most fusible metal. The terminal solid solubilities are small and the liquidus curve of the Al-Sn system exhibits an inflexion point indicating a tendency for demixing in the liquid phase.
The form of the three limiting binary phase diagrams allows us to predict a very simple liquidus surface of the Al-Ge-Sn system with an eutectic valley going from xGe = 0.303, T = 697 K to pure tin.
Experimental
Several techniques are available to determine the activity of a metal in a liquid alloy [2]; we have chosen the Potentiometrie method because the standard potentials of aluminium, germanium and tin are very different.
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At constant pressure (P=lAtm) and molar fraction (#ai, #Ge) the electromotive force (E) of the concentration cell Al | A13+ in KCl + LiCl | Al in Al-Ge-Sn at several temperatures allows us to calculate the partial molar thermodynamic functions of formation of the ternary alloys Al-Ge-Sn by using the following relations:
where F is Faraday's constant, «AI the activity of aluminium and Z = 3 the valency of aluminium.
Electric conduction is assured by Al 3+ because this element is more electropositive than germanium and tin; the standard electrode potentials (e°) of Al and Sn were measured by Laitinen [3] in a lithium chloride-potassium chloride melt at the eutectic composition, at 723 K. They have found el,3+/A1==-1.79 V, £sn 2+ /sn°= -1-08 V. £° of Ge has not been determined, but from the values of the free energy of formation of aluminium, tin and germanium chlorides -see Table 1 -we can deduce that germanium is the least electropositive of these three elements.
The standard free energies of formation of the cholrides gathered in Table 1 are large enough to avoid exchange reactions in the experimental temperature range.
Apparatus
We have used an apparatus, formerly described by Massart [4] , Gaune [5] , Girard [6] , Wilder [7] , Hayer [8] ,
A schematic design of the cell is shown in ref. [12] , Briefly, the apparatus consists of -a large external crucible (0 -55 mm).
-a second crucible (0 = 46 mm) containing the molten electrolyte and ten electrode crucibles (0 -1 mm) in which pure metal and the alloys are placed.
-ten electrode wires and a thermocouple (Pt/ Pt-Rh 10%).
Covers, gas tubes for inert gas and a refractory steel cylinder complete this apparatus.
The galvanic cell is maintained at constant temperature (632 K<T< 1200 K) by means of a cylindrical vertical furnace and an electronic regulator device.
The output of the electrodes of the different crucibles is fed directly into a digital millivoltmeter with a large input impedance (10 12 H).
Samples and Materials
Aluminium, germanium and tin of 99.999 mole per cent purity were used without further purification.
Lithium, potassium and aluminium chlorides were analytical grade salts (MERCK) and kept under an inert atmosphere.
During the experiments the galvanic cell was supplied with purified argon (Air Liquid C°); at the top of the apparatus a suitable pipe allows to maintain an argon flow.
Crucibles, covers, wire sheaths and thermocouple sheath are pure alumina (Al 23 DEGUSSA).
Tantalum and tungsten wires were employed with identical experimental results. This finding is in good agreement with those [9] and [10] .
Cell Preparation
The eutectic mixture of lithium and potassium chlorides (55.8 weight per cent of LiCl, Ttns = 623 K) was dried at 523 K for 24 hours under dynamic vacuum and molten under a flow of purified argon. After addition of aluminium chloride (5 weight per cent), kept under vacuum at 383 K, the decanted mixture was transferred into the experimental cell in which the alloys have previously been placed in little crucibles.
Accuracy
During the experiments we took the following precautions:
-Two crucibles at least contain pure metal (Al):
the difference between these two reference electrodes must be lower than 0.0002 V at moderate temperatures and 0.0003 V at the highest temperature.
-After each change in temperature, the equilibrium is verified by observing the variation of the e.m.f. The equilibrium temperature is generally reached after one or two hours.
-All e.m.f. measurements are repeated many times, on heating and cooling , to check the reproducibility. For each concentration three e.m.f. determinations were carried out.
-At the temperature of fusion of aluminium (reference metal) the change in the slope of the E -f(T) diagram must be proportional to the enthalpy of fusion of the metal:
The heat of fusion of aluminium generally accepted is (2580 ± 30) cal mol" 1 [11] .
Experimental Results
Our activity measurements of aluminium in Al-Ge-Sn liquid alloys are a continuation of former records on Al-Ga-Ge mixtures [12] ; for each study, the activities of aluminium in Al-Ge liquid alloys have been carried out to check the method.
Al-Ge System
In Table 2 are gathered experimental results. They are in good agreement with those of Wilder (932 K< T< 1258 K) [10] and of Batalin and Beloborodova (1070 < T< 1300 K) [13] .
These experimental values and the enthalpies of formation previously published [14] form a self consistent set of data: the liquidus temperatures derived from the combination of these data are in good agreement with the equilibrium phase diagram [1] ,
Al-Sn System
From the critical study by Slough [15] we have selected the values determined by Batalin [16] et al. and confirmed by Massart [4] (see Table 3 ). The experimental results are listed in Table 4 . A second discontinuity appears on the (E vs. T) plots when the liquid solid equilibrium is reach; so, some liquidus temperatures have been obtained (Table 5 and Figure 3) .
Al-Ge-Sn System
From the experimental results we have calculated the activity, the activity coefficient and the partial free energy of aluminium at 1273 K (see Table 4 ). Fig. 4 gives the general shape of the AG\\ VS. curves.
Using the liquidus temperatures listed above, the position of the eutectic valley has been determined by extrapolation (Figure 3) . From the binary phase diagrams and our experimental results we have deduced some isotherms of the Al-Ge-Sn phase diagram ( Figure 5 ).
Outlook
Measurements of the heat of formation using a high temperature microcalorimeter will complete our thermodynamic study of the Al-Ge-Sn ternary system. 
